Abstract -For the Ti-Al-0-C-system it is shown that it is possible to produce good quality deposits of both single-phase TiAlOC or A1203-layers and heterogeneous layers of TiAlOC and A1203 under normal pressure-CVD-conditions using a reaction gas mixture of TiC14, AlC13, H2 and a CO/C02-mixture.
Introduction
The preparation of Tic-, TiN-, Ti (C, N) -and A1 03-wear resistant layers as monolayers or in combination with eac6 another is nowadays a technological standard for the CVD-coating of cutting and forming tools. Both types of layer possess advantages as well as disadvantages. For example, Tic has a good adhesive strength, high hardness and low flank wear, but it has a relatively strong crater wear. A1 0 reveals a good wear resistance and high oxidation resistivity, 8ug a low adhesive strength and high brittleness. A hard coating is of great importance for instance for the cutting of austenitic steels and there is a need to combine the outstanding properties of Tic and A1 0 . It is known from the PVD-technology, that reactively sputterec? $i-~l-~-~hases surpass conventional Ticcoatings [I] . The aim of the studies here was to check the possibility for the preparation of Al-containing hard phases in the systems Ti-A1-C-N and Ti-A1-0-C, respectively, as homogeneous or heterogeneous layers using CVD. The deposition of Tic [2, 3, 41 as well as of A120 [5, 61 is known in detail both from thermodynamic calculations and also by experimental investigations. The CVD-process was performed in a hot wall reactor at normal pressure and 1323 K.
Results
TiN-, Tic-, Ti(C,N)-layers were deposited, using Tic1 H2, benzene or n-heptane as C-carrier and N2, with additional %r1clj for Alcontaining deposits, (the Al/Ti-ratio in the gas phase was < 5). In no case could Ti-Al-hard phases be detected. Microhardness measurements, X-ray phase analyses as well as element analytical investigations by EPMA have shown, that in each case only pure In general besides A1C13 and H2 for the A1 03-deposition, C02 is used as an oxygen carrier. An undesirable ezfect of this process is a homogeneous gas phase reaction of H20, formed from CO and H2, with AlC13 in the reaction zone, forming powdery A120 . ~% e consequencies are a disturbed layer growth and obstruczions in the reactor system. The water formed in the reaction zone is also a great problem for the co-deposition of Tic and A1 03.. Titanium has a higher affinity to oxygen than to carbon, yie%dlng preferably oxygen-rich Ti (0, C) -layers. But for a wear reducing hard coating only titanium-oxicarbide with a low oxygen content can be used, because the microhardness strongly decreases with oxygen incorporation. For these reasons it was not possible to deposit technically useful ~l-containing hard coatings. To overcome these problems mixtures of CO and C02 as oxygen sources were used, and they can be prepared easily by passing C02 over charcoal giving concentration ratios depending on the charcoal temperature. In this way for the Ti-Al-0-C-system the process succeeded with the deposition of both single-phase layers consisting of the homogeneous phases TiAlOC and A1203, respectively, or co-deposits of TiAlOC and A1203 in any Al/Ti-ratios, thus homogeneous gas phase hydrolysis was avoided. There is a clear correlation between gas phase concentration and phase composition. In Table 1 For sample 1 a homogeneous grey layer was observed using optical microscopic, and this was characterized by X-ray diffraction as a TiOxC -phase. But by element analysis it was established, that alumixium (11 wt%) was distributed homogeneously in this Ti0 C phase.
x Y-TEM-investigations of this sample confirmed this result. Fig. 4 shows a very fine-crystalline structure. Only TiCxO could be detected as a phase component by microdiffraction. yt was not possible to detect A1203 in any modification, but aluminium was detected qualitatively by element analysis, i.e. this phase is a Tic 0 -phase, in which A1 is dissolved (TiAlOC).
x Y Fig. 4 TEM-image of sample 1
The phase components of the samples 2 and 3 were also analyzed. If the CO2-content is increased, a darkblack, homogeneous layer (sample 2) is obtained, the main components of which were definitely only aluminium and oxygen. The transmission electron micrographs show a large-grained layer, and by microdiffraction of these single crystals A1203 was detected ( X -, 6-modifications), confirming the X-ray diffraction results. A cubic Tic 0 -phase could not be detected.
x Y If the titanium content is lowered in the gas phase (Al/Ti = 24) (sample 3), layer compositions can be detected at the given CO/COZratio, which consist of both A1 O3 and TiAlOC in comparable quantlties. This two-phase nature coufd be conf irmerd by TEN. The deposition of such multiphase layers is proved to be very useful, because the coatings show both an outstanding adhesive strength as for pure TiC-coatings and a high oxidation resistivity as for pure A120 .
TO test the persormance of TiAlOC-layers in comparison to AlzO layers Tic coated cutting plates were coated with surface layers 02 about 2 um thickness. As demonetrated in Figs. 5 
